Abstract. Background. Digestive organ damage in patients with diabetes mellitus (DM) is based on
Introduction
Gastroesophageal reflux disease (GERD) is a topical problem of modern gastroenterology due to its high prevalence, the development of severe complications, the need for long-term therapy, and a significant deterioration in the quality of life of patients [1] [2] [3] .
As it is known, the etiopathogenesis of GERD is based on the imbalance between the protective (barrier function of the lower esophageal sphincter, effective esophageal clearance, normal resistance of the esophageal mucosa) and aggressive factors (hydrochloric acid, pepsin, bile, pancreatic enzymes, etc.) [4, 5] . The emergence of pathological gastroesophageal reflux is also promoted by an increase in the intraabdominal (obesity, pregnancy) and intragastric pressure (gastric stasis, duodenostasis of functional or organic nature) [1] .
In clinical practice, 75 % of patients with diabetes mellitus (DM) have symptoms of damage to the gastrointestinal tract, with almost all sections of the digestive tract being affected [6] .
Digestive organ damage in patients with DM is based on several mechanisms: autonomic nervous system dysfunction, dysregulation of secretion and inactivation of hormones and increments, as well as electrolyte disorders associated with Gastroenterologia, ISSN 2308-2097 (print), ISSN 2518-7880 (online) Патологія верхніх відділів травного каналу / Pathology of Upper Gastrointestinal Tract uremia and ketoacidosis [7] . Many hormones and biologically active substances in the body (estrogen, progesterone, prostaglandins, somatostatin, cholecystokinin, etc.) affect the tension of the lower esophageal sphincter [8] .
Consequently, in diabetes mellitus, the changes in regulatory substances due to metabolic disorders combined with the changes in the neurotropic control of the lower esophageal sphincter on the background of diabetic autonomic neuropathy creates conditions for the contact of aggressive contents in the stomach and duodenum with esophageal mucosa and leads to the emergence of clinical manifestations of GERD. Studying the features of changes in regulatory biologically active substances in patients with type 2 DM can reveal new pathogenetic mechanisms for the formation of organ damage in the digestive system, including the esophagus, in these persons.
Purpose of the research was to study the features of changes in serum prostaglandin (I 2 and F 2α ) levels in patients with GERD on the background of type 2 diabetes mellitus depending on the body mass index violation.
Scientific research is a fragment of a state-funded topic of the department of surgical diseases and the department of propaedeutics of internal diseases of the medical faculty of the SHEI "UzhNU" No. 815 "Mechanisms of complications formation in liver and pancreatic diseases, methods of their treatment and preventive measures", state registration number: 0115U001103.
Materials and methods
At the premises of the department of propaedeutics of internal diseases (gastroenterological and endocrinological departments of A. Novak Transcarpathian Regional Clinical Hospital) of the medical faculty of the SHEI "UzhNU", 54 patients with type 2 DM and GERD were examined in 2016-2017. Among patients with type 2 DM, there were 30 males (55.6 %) and 24 females (44.4 %). Their average age was (48.6 ± 6.2) years. These patients were included in the main study group (group I).
The comparison group consisted of 22 patients with GERD (group II) -12 males (54.5 %) and 10 females (45.5 %). Their average age was (48.3 ± 5.7) years. The control group included 20 apparently healthy individuals (12 males (60.0 %), 8 females (40.0 %)), their average age was (47.6 ± 5.8) years.
All studies were conducted with patient's consent, and the methodology of conducting the study complied with 1964 Declaration of Helsinki and its 2013 revision [9, 10] .
Patients underwent general clinical examination according to local protocols. Anthropometric, general clinical, laboratory and instrumental methods of investigation were used. In the verification of the diagnosis, attention was paid to the nature of the complaints, anamnesis of the disease.
During the anthropometric examination, the body mass index (BMI), waist circumference (WC), hip circumfe rence (HC) were measured, and the waist/hip index (WHI = = WC/HC) was calculated. [12, 13] . The severity of type 2 DM has been evaluated according to the level of glycated hemoglobin (%), which was determined by a chromogenic assay on the Sysmex 560 analyzer (Japan) using Siemens reagents. The patients also had electrocardiographic examination.
GERD was diagnosed according to the criteria of the unified clinical protocol (Ministry of Health order No. 943 issued 31.10.2013) taking into account patients' complaints, endoscopic examination data, etc. [14] . In order to prove the diagnosis, the patients underwent esophagogastroduodenoscopy conducted with the help of endoscopic equipment -Pentax EPM-3300 video processor and Pentax E-2430 elastic fiberscopes GIF-K20. The patients also had daily pH-monitoring (according to prof. V.N. Chernobrovov).
All patients had their serum 8-iso-prostaglandin F 2α (Pg F 2α ) and 6-keto-prostaglandin F 1α (blood prostacyclinPg I 2 ) levels examined using immunoassay analysis with the help of Enzo Life Sciences test systems (USA).
The criteria for patients' inclusion into the study were: type 2 diabetes mellitus, erosive form of GERD.
The criteria for patients' exclusion from the study: type 1 diabetes mellitus, functional or organic diseases of the esophagus, stomach and duodenum, non-erosive form of GERD.
Results of the patients' examination were analyzed and processed by means of computer program Statistica 10.0 (StatSoft Inc., USA) using parametric and non-parametric methods.
Results
In all patients in group І (GERD and type 2 DM), an excessive body weight or obesity of varying degrees were found while analyzing anthropometric measurements. The vast majority of patients (54.5 %) in group II (GERD) had normal body weight, and only 36.4 % -excessive body weight ( Table 1) .
The determination of prostaglandin F 2α and prostacyclin (Pg I 2 ) serum levels in patients of both groups and healthy individuals was performed. The results are presented in Table 2 .
Increased levels of prostaglandins were detected in both groups of the examined patients, but more significant changes were observed in group I (combination of type 2 DM and GERD). Attention is called to a more significant increase in Pg I 2 concentration compared to Pg F 2α in the blood serum, especially in patients with GERD on the background of type 2 DM (3.4 times vs 2.1 times in group I). Levels of Pg I 2 in patients with GERD were increased by 2.2 times, while Pg F 2α is only 1.6 times higher. www.gastro.org.ua, http://gastro.zaslavsky.com.ua
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Changes in prostaglandin levels in the examined patients were evaluated depending on the violation of BMI (Table 3) .
A more significant increase of Pg I 2 was found in the blood serum of patients with GERD on the background of type 2 DM and excessive body weight, as compared to the patients of the same group with class I and II obesity. While assessing the changes in serum Pg F 2α in patients of group I, the same tendency was not established. In patients with GERD, the lowest concentration of Pg I 2 in the blood serum was detected in those with normal body weight, and in persons with excessive weight and class I obesity, there was no significant difference between these indices.
According to the results of the analysis of anamnestic data, as well as the data of preliminary medical documentation (extracts from the clinical record, records in outpatient cards), the duration of the disease in the examined patients was evaluated (Table 4 ).
In patients with obesity, the clinical signs of GERD are detected almost simultaneously with the diagnosis of type 2 DM. In patients of the same group with excessive body weight, GERD is diagnosed only 5-5.5 years after the diagnosis of type 2 DM.
Discussion
Digestive organ damage in case of type 2 DM, including the upper gastrointestinal tract, is actively discussed in the professional literature. Scientific research is aimed at determining the prevalence of GERD in patients with type 2 DM, as well as studying various factors underlying the formation of GERD in these patients. H. Sun et al. (2014) indicate a high prevalence of GERD among patients with type 2 DM, while the relationship between diabetic neuropathy, metabolic disorders on the background of diabetes and the occurrence of clinical manifestations of GERD was not revealed [6] . The study of J.O. Ha et al. (2016) has also proven the role of diabetic neuropathy in the development of GERD in type 2 DM, moreover, the correlation has been established between GERD and the duration of diabetes, as well as the age of patients [16] . It should be noted that the performed research is mainly aimed at identifying the relationship between diabetic neuropathy and the formation of GERD with type 2 DM. We have not found any scientific works that discuss the role of prostaglandins in patients with the combination of GERD and type 2 DM.
The analyzed publications are devoted to the study of prostaglandins, separately in type 2 DM and separately in case of damage to the upper gastrointestinal tract, inclu ding GERD. K. Takeuchi (2010) highlights the role of prostaglandins, predominantly type E, in GERD and chronic gastritis. At the same time, the authors have proven that Pg E 2 protects the esophagus from acid reflux and provides cytoprotection of the stomach [17] . In his review paper, V.A. Chernyshov (2013) discusses changes in the expression of 8-iso-prostaglandin F 2α in the daily urine depending on the performed hypoglycemic therapy in patients with type 2 DM [18] .
The research of V.O. Serhienko et al. (2017) is aimed at studying the influence of combination therapy consisting in the use of omega-3 polyunsaturated fatty acids and statins on the lipidogram dynamics and the levels of various biologically active substances, including 6-ketoprostaglandin F 1α , in patients with type 2 DM associated with diabetic cardiovascular autonomic neuropathy. In this case, the initially increased levels of 6-keto-prostaglandin F 1α were detected in these patients [19] . E.H. Dorosh and N.A. Kravchun (2013) determined the level of 8-iso-prostaglandin in patients with type 2 DM associated with nonalcoholic fatty liver disease (NAFLD). The results of their studies indicate an increase in 8-iso-prostaglandin level to (386.3 ± 42.2) pg/ml in patients with the combined pathology (type 2 DM and NAFLD), which is significantly higher compared to the patients with type 2 diabetes without NAFLD ((202.2 ± 84.5) pg/ml, p < 0.05) and 10 times higher compared to healthy persons ((38.8 ± 6.0) pg/ml, p < 0.001). On the basis of their research, it was also concluded that patients with type 2 DM and associated pathology (type 2 DM and NAFLD) have excessive weight and obesity of varying degrees [20] .
We have studied the levels of F 2α and I 2 prostaglandins, which have a divergent effect on the body, namely: Pg F 2α exhibits a constrictive effect, while prostaglandin І 2 , on the contrary, has relaxing properties. According to the results of our study, increased serum levels of prostaglandins F 2α and I 2 in patients with GERD were determined. At the same time, more significant changes were detected in the combined pathology (GERD and type 2 DM).
When characterizing the changes in prostaglandins by classes, a predominant increase in serum prostacyclin was detected. In patients with the combination of GERD and type 2 DM, it is 1.5 times higher than that in patients with GERD not suffering from type 2 DM.
The obtained data also indicate that in case of combination of several pathological states (type 2 DM, GERD, increased BMI), a more significant increase is observed in the concentration of prostacyclin, and Pg І 2 depends on the disease duration.
High level of prostaglandin, which has a relaxing effect on smooth muscles, including the digestive system, suggests its influence on the formation of GERD, especially on the background of type 2 DM. It is plausible that the loss of physiological balance between prostaglandins, which have opposite effects on the internal organs on the background of metabolic disorders in obesity and diabetes, may be considered as one of the components affecting the lower esophageal sphincter, leading to its relaxation and the formation of GERD manifestations. The obtained data require further investigation, analysis of changes in prostaglandins in type 2 DM and their probable effect on the formation of GERD in these patients.
Conclusions
1. In patients with GERD, an increase in the levels of prostaglandins F 2α and I 2 in the blood serum was detected (up to (119.68 ± 9.26) pg/ml and (115.22 ± 7.84) pg/ml, respectively).
2. The combination of GERD and type 2 DM is accompanied by a more significant increase in serum concentration of prostaglandins, especially I 2 (up to (176.94 ± 8.41) pg/ml as compared to the control group -(52.17 ± 6.44) pg/ml; p < 0.01), than in patients with GERD without type 2 DM.
3. In patients with GERD on the background of type 2 DM, the maximum concentration of prostacyclin in the blood serum ((192.61 ± 10.54) pg/ml) was detected in excessive body weight, as well as of prostaglandin F 2α ((165.41 ± 6.89) pg/ml) -in patients with class II obesity.
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